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Abstract. The processes of magnetization reversal in isotropic and anisotropic commercial 
permanent magnets Sm(Co, Fe, Cu, Zr)7.5 were investigated. Features of magnetization reversal 
process in both textured and isotropic magnets were analyzed with δM(H) plots, magnetic 
susceptibility and initial magnetization curves. The magnetization reversal of                  
Sm(Co, Fe, Cu, Zr)7.5 magnets is more complicated than that described in the coercivity model 
based on the domain walls pinning. 
1.  Introduction 
Permanent magnets based on Sm2Co17 and SmCo5 compounds are widely used in the aerospace and 
defense industries as part of gyroscopes and accelerometers, as well as microwave signal emitters, 
sensors and actuators. This is only a small part of examples of applications where permanent magnets 
with a high value of the maximum energy product (BH)max and low temperature coefficient of 
coercivity and remanence are required. Standard commercial magnets of these types meet the specified 
requirements in the temperature range – 60 to + 300 °С [1]. Currently, the Sm(Co, Fe, Cu, Zr)z 
(z = 7.0 – 8.5) (with the rhombohedral structure of Th2Zn17 type) magnets again attract considerable 
attention due to the further increase of working temperature and maximal energy product [2]. 
With the high demand for the permanent magnets of the Sm(Co, Fe, Cu, Zr)z system questions 
about the processes of magnetic reversal in them are still open. Studies of the magnetization reversal 
process are mainly carried out on rapidly quenched alloys [1-4]. 
The high coercivity of the Sm(Co, Fe, Cu, Zr)z magnets is due to the coexistence of the matrix of 
cells Sm2(Co, Fe)17 (2:17) with rhombohedral microstructure having a characteristic size of about      
20 – 100 nm are surrounded by the Sm(Co, Cu)5 (1:5) phase with a thickness of about 2 – 10 nm, 
enriched with copper and a lamellar phase enriched with Zr with a thickness of 1 – 2 nm [1, 2, 4]. It is 
believed [1-5] that the coercivity mechanism of the Sm(Co, Fe, Cu, Zr)z magnets is associated with the 
pinning of the domain walls in the phase boundary between 1:5 and 2:17 phases. The coercivity is 
determined by the difference of the domain wall energy ∆γ (1) between phases 2:17 and 1:5: 
 ∆γ = (K12:17A12:17)1/2 − (K11:5A11:5)1/2 (1) 
where K1 is the first anisotropy constant and A1 is the exchange stiffness [3]. 
The applicable of the pining model was demonstrated in describing the temperature dependence of 
coercivity. The abnormal temperature dependence of the coercivity of the magnets was explained in 
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terms of a specific mechanism for fixing domain walls, described as the transition from the repulsive 
fixation (K11:5 > K12:17) to the attracting fixture (K11:5 < K12:17) which is determined by the composition 
of the magnets. In addition, it can be assumed that the nucleation mechanism is active only in a 
relatively narrow temperature interval between the Curie temperature of 1:5 and the temperature of the 
matrix phase 2:17 [5]. 
Information about mechanisms of coercivity and interaction in the sample can be obtained from 
macroscopic magnetic measurements. One of the widely used techniques for polycrystalline samples 
is an investigation of isothermal magnetization MR(H) and DC demagnetization MD(H) remanences as 
the functions of applied magnetic field H [6]. 
In accordance with the Stoner-Wolfart model for an isotropic ensemble of single-domain 
noninteracting particles, the following relationship holds: 
 MD(H) = MR(Hmax) – 2MR(H) (2) 
The next step was made by Kelly et al. with introducing the following expression: 
 δm(H) = md(H) – [1 – 2mr(H)] (3) 
It is believed that the positive value of δm(H) is due to intergrain exchange coupling of 
ferromagnetic type while the negative value of δm(H) is the result of dipole–dipole coupling [7-14]. 
Another method of investigating the processes of magnetization reversal is to investigate the 
dependence of total or irreversible magnetic susceptibility. Thus, in papers [11-14] have investigated 
the dependencies of Mrev vs. Mirr. It was concluded that the mechanism of the high coercive state of 
Sm(Co, Fe, Cu, Zr)7.5 rapidly quenched alloys is the pinning of the domain walls. 
The purpose of the paper is to demonstrate that the magnetization reversal processes of 
commercially available Sm-Co magnets cannot be explained only by the domain wall pinning and 
required a comprehensive model description. 
2.  Experiments 
Samples of textured and isotropic commercial magnets Sm(Co, Fe, Cu, Zr)7.5 were investigated. The 
alloy with the composition Sm25.60Co49.93Fe15.56Cu5.91Zr3.00 was synthesized by the induction melting in 
argon. After alloying the ingot was crushed and milled. Powder was pressed in applied magnetic field 
(textured magnet) and without magnetic field (isotropic magnet). The sintering process was carried out 
for 5 min at 1090 °C in a vacuum and for 30 min at 1088 °C in argon. Solid state treatment was carried 
out for 6 hours at 1060 °C with subsequent quenching to room temperature with argon stream. The 
next step was the exposure at 750 °C for 12 hours after which magnets were cooling down to 330 °C 
for 8 hours. 
Magnetic measurements were carried out in magnetic field up to 90 kOe in the temperature range 
of 2 – 400 K using the PPMS DynaCool and MPMS-XL-7 EC Quantum Design measurement 
systems. 
3.  Results and discussions 
Figure 1 shows the magnetization and demagnetization curves for the textured and isotropic Sm2Co17 
magnets at a temperature T = 300 K.  
From figure 1 it follows that the shape of the magnetization curve for a textured magnet is more 
complicated than it is interpreted in the classical concepts of the magnetization process by means of 
the pinning mechanism [2, 8]. There is inflection of the magnetization curve at H ≈ 10 kOe. The 
inflection corresponds to the movement of domain walls in some grains. The presence of soft magnetic 
phase is eliminated considering almost rectangular shape of major hysteresis curve. 
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Figure 1. Magnetization and demagnetization 
curves of Sm(Co, Fe, Cu, Zr)7.5 magnets. 
 
Similar effects were observed on the initial magnetization curves of sintered materials Nd2Fe14B 
and SmCo5 which seem almost magnetically soft [15]. The samples become almost completely 
magnetized in applied fields less than 1 kOe since the domain walls freely move inside the alloy 
grains. However, domain walls are effectively pinned by a high density of localized inhomogeneities 
at the grain boundaries or disappeared. This results in much higher coercive fields of tens of kOe. 
Sub-microscopic information about coercive field mechanisms can sometimes be deduced from 
macroscopic magnetic measurements on thermally demagnetized samples by the Kelly’s method [16]. 
Figure 2 shows the Kelly [δm(H)] curves for Sm2Co17 magnets. 
 
Figure 2. Kelly’s plot for sintered permanent magnets 
Sm(Co, Fe, Cu, Zr)7.5. 
 
From the Kelly’s equation (3) it is follows that a positive value of δM is observed in cases where 
the hard magnetic material is magnetized in smaller fields than it is demagnetized. This can be 
observed both in cases of a strong exchange coupling of the ferromagnetic type between the elements 
of the material, and in the case of a high-coercivity state due to nucleation [1, 8, 9, 15]. The δM 
deviation from zero in the whole range of fields is due to one of the following reasons: nonequivalence 
of the pinning locations of the domain walls in the material during magnetization and 
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demagnetization, multidomain initial state of some grains and significant intergranular exchange 
interaction [17]. The first assumption is very questionable instead of others. 
Based on these dependencies and common opinion it could be indirectly conclude the intergrain 
exchange interaction significantly impacts on magnetization reversal processes. By the ratio of the 
sections under the curve, it can be interpreted that the exchange value in a textured magnet is 
significantly higher than in an isotropic magnet. Also this graph allows to consider the weakness of a 
magnetostatics interaction. From the other point of view nucleation leads to the positive value of δm. 
Because of inflection on magnetization curve we believe the reason for positive value of δm is 
nucleation type magnetic hysteresis. 
Figures 3 (a) and (b) show total and irreversible magnetic susceptibility in the process of 
magnetizing (+H) and demagnetizing (–H). For the isotropic sample (figure 3 (a)), significant 
difference between total and irreversible magnetic susceptibility relates to reversible rotation of 
magnetization vector of grains easy magnetization axis of which oriented not along the magnetic field 
direction. The susceptibility of the samples during magnetization is higher. For the textured sample 
(figure 3 (b)), total and irreversible magnetic susceptibility almost the same and magnetization reversal 
is totally irreversible. Characteristic peak on the σ(+H) and σr(+H) curves in low magnetic field is 
related to the domain walls movement in multidomain particles. 
 
  
          (a)           (b) 
Figure 3. Derivative magnetization with the field applied and after the DC field is turned off (χtot and 
χirr correspondingly) for isotropic (a) and for textured (b) permanent magnet Sm(Co, Fe, Cu, Zr)7.5. 
 
On the major demagnetization curves in figure 4 at a temperature of 2 K for an anisotropic magnet 
sample, Barkhausen jumps are observed meanwhile the same curve of isotropic sample is smooth. 
Apparently, some local demagnetization processes in anisotropic magnet creates heat wave which 
slightly changes hysteresis properties of neighboring grains. Magnetization of the grains changes and 
this process continues until the demagnetizing field decreases to the such value when heating become 
not enough to decrease switching field to reverse magnetization of next grains. The isotropic sample 
has the different microstructure with randomly oriented crystallites. It leads to broad distribution of 
coercivities and suppression of heat contact between grains with close values of coercivity. Similar 
magnetization jumps were observed on an isotropic rapidly quenched alloy of the NdFeB system [18]. 
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Figure 4. Demagnetization curves of permanent 
magnets Sm(Co, Fe, Cu, Zr)7.5 at 2 K. 
4.  Conclusion 
The processes of magnetization reversal in permanent magnets Sm(Co, Fe, Cu, Zr)7.5 are more 
complex than pinning. The presence of multidomain grains in commercially available magnets was 
shown. The positive peak on δm(H) plot was interpreted as a result of the presence of multidomain 
particles in magnets but not the intergrain exchange interaction. 
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